CARY Eclipse Fluorescence spectrophotometer. Absorption spectra were determined on a VARIAN CARY 100 Bio UV-Visible spectrophotometer. Cyclic voltammetry was carried on Gamry Interface 1000. 
Synthesis

I1
Scheme S1 Synthesis of key intermediated I1 Reactions and conditions: (c) 1-Bromo-2-methoxyethane, 18-crown-6, K 2 CO 3 , acetone reflux for 72 h; (d) PBr 3 
, Et 2 O , in
Ar at rt for 6h.
Preparation of I1 S2
Compounds I1 was prepared according to the reported procedure. 
Preparation of I2
Compounds I2 was prepared according to the reported procedure. 2
Preparation of BNAH, 2b, 5b, 8b,9b
Compounds BNAH, 2b, 5b, 8b,9b was prepared according to the reported procedure. 3
S3
3-carbamoyl-1-(4-fluorobenzyl)-5-methylpyridin-1-ium bromide (3a)
To a solution of 5-methyl-nicotinamide 0.272 g (2 mmol) in acetonitrile (6 mL) was added a solution of 4-fluorobenzyl bromide 0.451 g (2.4 mmol) in acetonitrile (4 mL) dropwise. The reaction mixture was reflux for 8 h, yielding a white solid. After cooling to room temperature, the solution was added diethyl ether (3 mL) to further precipitate product. After filtering and washing with 3 × 3 mL diethyl ether, 3a was obtained as a white solid with 70% yield. 1 
1-(4-fluorobenzyl)-5-methyl-1,4-dihydropyridine-3-carboxamide (3b)
To a solution of 3a 0.162 g (0.5 mmol) in distilled water was added sodium bicarbonate 0.168 g (2 mmol) under Ar atmosphere. Sodium dithionite 0.348 g (2 mmol) was then added in small portions within 30 min. The reaction mixture was stirred in the dark at room tempeture for 3 h, until yellow precipitate appeared. After centrifuging, the solid was filtered and washed by ultrapure water and dried through vacuum freeze-drying equipment with 50% yield. 1 
3-carbamoyl-1-(4-(2-methoxyethoxy)benzyl)-5-methylpyridin-1-ium bromide(4a)
To a solution of 5-methyl-nicotinamide 0.272 g (2 mmol) in acetonitrile (6 mL) was added to a solution of I1 0.537 g (2.2 mmol) in acetonitrile (4 mL) dropwise. After the reaction mixture was reflux for 8 h, excess solvent was removed in vacuo, following by methanol (1 mL) and diethyl ether (20 mL) and precipitate appeared.
After filtering and washing with 3 × 3 mL diethyl ether, 4a was obtained as a white solid with 71% yield. 1 
1-(4-(2-methoxyethoxy)benzyl)-5-methyl-1,4-dihydropyridine-3-carboxamide (4b)
To a solution of 4a 0.190 g (0.5 mmol) in distilled water was added sodium bicarbonate 0.168 g (2 mmol) under Ar atmosphere. Sodium dithionite 0.348 g (2 mmol) was added in small portions within 30 min. The reaction mixture was stirred in the dark at room temperature for 3 h, precipitating brownish yellow product. After centrifuging, the solid (compound 4b) was filtered and washed by ultrapure water and dried through vacuum 
3-carbamothioyl-1-(4-fluorobenzyl)pyridin-1-ium bromide (6a)
Under Ar atmosphere, a suspension of thionicotinamide (1. 
3-carbamothioyl-1-(4-(2-methoxyethoxy)benzyl)pyridin-1-ium bromide (7a)
1-(4-(2-methoxyethoxy)benzyl)-1,4-dihydropyridine-3-carbothioamide (7b)
To a solution of 7a 0.096 g (0.25 mmol) in distilled and deoxygenated water was added sodium bicarbonate 0. 
3-(methoxycarbonyl)-1-(4-(2-methoxyethoxy)benzyl)pyridin-1-ium bromide(10a)
To a solution of methyl nicotinate 0.274 g (2 mmol) in acetonitrile (6 mL) was added to a solution of I1 0.683 g (2.8 mmol) in acetonitrile (4
mL) dropwise. After the reaction mixture was reflux for 8 h, excess solvent was removed in vacuo, following by methanol (1 mL) and diethyl ether (20 mL) and precipitate appeared.
After filtering and washing with 3 × 3 mL diethyl ether, 10a was obtained as a white solid with 68% yield. 1 
1-(4-(2-methoxyethoxy)benzyl)-1,4-dihydropyridine-3-carboxylate (10b)
To a solution of 10a 0.095 g (0.25 mmol) in distilled water was added sodium bicarbonate 0. 
1-benzyl-3-(methoxycarbonyl)-5-methylpyridin-1-ium bromide(11a)
To a solution of methyl 5-methylnicotinate 0. 
1-benzyl-5-methyl-1,4-dihydropyridine-3-carboxylate (11b)
To a solution of 11a 0.161 g (0.5 mmol) in distilled water was added sodium bicarbonate 0.168 g (2 mmol) under Ar atmosphere. Sodium dithionite 0.348 g (2 mmol) was then added in small portions within 30 min. The reaction mixture was stirred in the dark at room temperature for 3 h. When yellow oil appeared on the sidewall, the reaction solution was sucked away via syringe under argon and the yellow oil was washed with 3 × 3 mL deoxygenated water.
Freeze-drying gets yellow solid with 42% yield. 1 
1-(4-fluorobenzyl)-5-methyl-1,4-dihydropyridine-3-carboxylate (12b)
To a solution of 12a 0.169 g (0.5 mmol) in distilled water was added sodium bicarbonate 0.168 g (2 mmol) under Ar atmosphere. Sodium dithionite 0.348 g (2 mmol) was then added in small portions within 30 min. The reaction mixture was stirred in the dark at room temperature for 3 h. When yellow oil appeared on the sidewall, the reaction solution was sucked away via syringe under argon and the yellow oil was washed with 3 × 3 mL deoxygenated water. 
3-(methoxycarbonyl)-1-(4-(2-methoxyethoxy)benzyl)-5-methylpyridin-1-ium bromide (13a)
To a solution of methyl 5-methylnicotinate 0.302 g (2 mmol) in acetonitrile (1 mL) was added to a solution of I1 0.587 g (2.5 mmol)
in acetonitrile (1 mL 
1-(4-(2-methoxyethoxy)benzyl)-5-methyl-1,4-dihydropyridine-3-carboxylate (13b)
To a solution of 13a 0.098 g (0.25 mmol) in distilled and deoxygenated water was added sodium bicarbonate 0.084 g (1 mmol) 
1-benzyl-5-oxo-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-1-ium bromide (14a)
To a solution of 6,7-dihydro-5H-pyrrolo [3,4-b] pyridin-5-one 0.268 g (2 mmol) in acetonitrile (10 mL) was added to a solution of benzyl bromide 0.680 g (4 mmol) in acetonitrile (5 mL) dropwise. After the reaction mixture was reflux for 36 h yielding pink solid, following by filtering and washing with 3 × 3 mL diethyl ether, 14a was obtained as pink solid with 37% yield. 1 1-benzyl-1,4,6,7-tetrahydro-5H-pyrrolo[3,4-b] pyridin-5-one(14b)
S13
To a solution of 14a 0.076 g (0.25 mmol) in distilled water was added sodium bicarbonate 0.084 g (1 mmol) under Ar atmosphere. Sodium dithionite 0.174 g (1 mmol) was added in small portions within 30 min. The reaction mixture was stirred in the dark at room temperature for 3 h, precipitating grey product. After centrifuging, the solid (compound 14b) was filtered and washed by ultrapure water and dried through vacuum freeze-drying equipment with 50% yield as grey solid. 1 
1-(4-fluorobenzyl)-5-oxo-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-1-ium bromide(15a)
To a solution of 6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-5-one 0.268 g (2 mmol) in acetonitrile (10 mL) was added to a solution of 4-fluorobenzyl bromide 0.752 g (4 mmol) in acetonitrile (5 mL) dropwise. After the reaction mixture was reflux for 24 h yielding pink solid, following by filtering and washing with 3 × 3 mL diethyl ether, 15a was obtained as pink solid with 52% yield. 1 
1-(4-fluorobenzyl)-1,4,6,7-tetrahydro-5H-pyrrolo[3,4-b]pyridin-5-one(15b)
To a solution of 15a 0.122 g (0.5 mmol) in distilled water was added sodium bicarbonate 0.168 g (2 mmol) under Ar atmosphere. Sodium dithionite 0.348 g (2 mmol) was added in small portions within 30 min. The reaction mixture was stirred in the dark at room temperature for 3 h, precipitating grey product.
After centrifuging, the solid (compound 15b) was filtered and washed by ultrapure water and dried through vacuum freeze-drying equipment with 43% yield as grey solid. 1 (4-(2-methoxyethoxy)benzyl)-1,4,6,7-tetrahydro-5H-pyrrolo[3,4-b] pyridin-5-
1-
one (16b)
To a solution of 16a 0.095 g (0.25 mmol) in distilled water was added sodium bicarbonate 0.084 g (1 mmol) under Ar atmosphere. Sodium dithionite 0.174 g (1 mmol) was added in small portions within 30 min.
The reaction mixture was stirred in the dark at room temperature for 3 h, precipitating grey product. After centrifuging, the solid (compound 16b) was filtered and washed by ultrapure water and dried through vacuum freeze-drying equipment with 52% yield as grey solid. 1 
Cyclic Voltammetry
Cyclic voltammetry was performed on a Gamry Interface 1000 electrochemical analyzer. A three-electrode arrangement in a single cell was used for the measurements: a 
Determination of thermodynamic solubility
Weigh about 1 mg of the test compound into 1.5 mL centrifuge tube and add 1 mL PBS buffer (10 4 mM, pH = 7.4), sonicating for 5 min (if the compound is completely dissolved, S17 then added again 1 mg compound). After the suspension filtered by 0.22 μm PVDF, diluting the solution with methanol (v = 50%) and PBS (v = 50%) to a suitable concentration using and measuring absorbance values by UV spectrophotometer. Weigh about 2 mg compound accurately and add methanol to prepare 10 3 μg/mL mother solution. Take the abovedescribed mother liquor to prepare the solution in concentrations of 30, 20, 10, 5, 2.5 μg /mL (diluted by PBS buffer) then measure absorbance value. With concentration c (μg/mL) as the abscissa, absorbance A as the ordinate, mapping and fitting line to get the standard curve.
(The correlation coefficient should be greater than 0.998). Calculate solubility according to the standard curve of the linear equation.
Evaluation of biomimetic cofactors in chemistry system
A solution of α,β-epoxy ketones (1 mmol), Na 2 CO 3 (5 mmol), Na 2 S 2 O 4 (3 mmol) and 
